People who use drugs (PWUD) are a key population for hepatitis B virus (HBV) vaccination and screening. We aimed to estimate the seroprevalence of HBs antigen (HBsAg) and self-reported HBV vaccination history in French PWUD attending harm reduction centres using data from the ANRS-Coquelicot multicentre survey conducted in 2011-2013 in 1718 PWUD. Self-fingerprick blood samples were collected on dried blood spots to detect the presence of HBsAg. HBsAg seroprevalence was estimated at 1·4% [95% confidence interval (CI) 0·8-2·5]. It varied between PWUD born in high (7·6%, 95% CI 2·7-19·1), moderate (2·2%, 95% CI 0·8-5·7) and low (0·7%, 95% CI 0·3-1·5) endemic zones. Factors independently associated with HBsAg carriage were being born in a moderate or high endemic zone or reporting precarious housing. Self-reported HBV vaccination history varied from 47·4% in high endemic zones, to 59·3% and 62·6% for moderate and low endemic zones, respectively. Our results suggest that drug use plays a small and substantial role, respectively, in HBsAg carriage in PWUD born in high/moderate and low endemic zones.
INTRODUCTION
It is estimated that 248 million people are currently infected with the hepatitis B virus (HBV) worldwide [1] , of whom 686 000 die every year [2] . This virus is transmitted through unprotected sex, direct contact with infected blood and from mother to child during childbirth. Over 95% of adult infections resolve spontaneously whereas 95% of neonates and 30-50% of cases in children aged 1-4 years develop chronic infection. Chronic infection can remain asymptomatic for several years and can lead to several complications, including liver cirrhosis and hepatocellular carcinoma.
The fight to stop the spread of HBV infection includes prevention, vaccination, and screening. For HBV-infected individuals, antiviral therapy is effective in suppressing HBV replication and reducing the risks of developing complications [3] .
The epidemiology of the disease varies greatly according to geographical zone. In high HBsAg prevalence areas (8% in both sub-Saharan Africa and Asia), the risk of being infected during one's life is greater than 60%, with most infections being acquired at birth or during the first years of life. Conversely, in low-prevalence endemic countries (HBsAg prevalence <2%), HBV transmission usually occurs in adulthood, mainly via sexual activity, and the disease resolves spontaneously in most cases [1, 3] .
With a HBsAg prevalence estimated at 0·65% in the adult general population, mainland France is a low-HBV prevalence country [4] . When the HBV vaccine became available in France in 1980, it was first targeted at high-risk populations, including individuals with multiple sexual partners, people who inject drugs (PWID), healthcare workers and travellers to high or moderate HBV-prevalence countries. In accordance with World Health Organization (WHO) guidelines [5] , in 1995, France launched a mass HBV vaccination campaign in schools targeting infants and pre-adolescents. The campaign ended 3 years later because of controversy surrounding the possible relationship, now refuted, between HBV vaccination and demyelination [6] .
In 2010, at the WHO 63rd World Health Assembly, a resolution was adopted to establish 'goals and strategies for disease control, increasing education and promoting screening and treatment' of people infected with HBV and hepatitis C virus (HCV) [7] . In this resolution, people who use drugs (PWUD) were considered a key population for viral hepatitis vaccination and screening. This is because they are at high risk of contracting HBV through the sharing of needles and because of frequent precarious life conditions [8] . To assess the impact of the implementation of the WHO resolution on both HBsAg prevalence and HBV vaccine coverage associated data are needed. In 2011-2013, the ANRS-Coquelicot survey was conducted in PWUD in France with the main objective of estimating HCV and HIV prevalence [9] . This paper presents estimates of HBsAg seroprevalence and self-reported HBV vaccination history in PWUD using data from the ANRS-Coquelicot survey.
METHODS

Study design
The methods used have been described elsewhere [9, 10] . Briefly, ANRS-Coquelicot is a French cross-sectional epidemiological survey of PWUD recruited in harm reduction programmes and care centres in five cities (Lille, Strasbourg, Paris, Bordeaux, Marseille) and two departments (administrative districts) beside Paris (Seine-Saint-Denis and Seine-et-Marne) in 2011-2013. In each location, an exhaustive inventory of all structures providing services to drug users was performed and the number of PWUD eligible for the study was evaluated. Participants were recruited using a two-stage sampling plan, first by random selection of the centres and then by random selection of individuals attending these centres. Inclusion criteria were as follows: aged 518 years, having injected or snorted during lifetime, and able to speak French or Russian (Russian speakers represented ∼30% of those eligible for inclusion in some services).
Data collection
Data was collected using a socio-behavioural questionnaire administered through face-to-face interviews. Interviewers were independent of all the centres. The questionnaire explored: (1) sociodemographic characteristics (age, gender, country of birth, level of education, employment, household and living conditions); (2) health status (self-perceived health, history of HBV vaccination); (3) drug use (drugs consumed and modes of consumption); (4) drug-related at-risk practices during lifetime and during the previous month (sharing syringes and other injection paraphernalia); (5) sexual risk-taking practices during the previous 12 months.
Self-fingerprick blood sampling on dried blood spots (DBS) was performed.
Data collection was anonymous and informed consent to participate in the study was obtained orally from the person being interviewed. The research protocol was validated by the French ethical committee on biomedical research (no. 2010-A01330-39).
Laboratory method
Testing for HBsAg, anti-HCV and anti-HIV antibodies (Ab) was performed on blood samples collected on DBS. The relevance of DBS for HBsAg screening has been repeatedly shown [11, 12] . Preliminary validation studies showed that the 1260 C. Brouard and others sensitivity of HBsAg detection in samples collected on DBS is about 100 times lower than in standard procedures on serum or plasma (ANRS-Prevagay study 2009, unpublished data). However, this lower sensitivity did not hamper the detection of HBV infection due to the very large amount of HBsAg circulating in the blood of most of the infected individuals studied: between 10 2 IU/ml and 10 4 IU/ml in HBeAg-negative and HBeAg-positive subjects, respectively, the sensitivity of the Monolisa HBsAg Ultra reagent being 0·05 IU/ml [13] . As the probability of patients developing acute HBV during our study was very low, the presence of HBsAg in the blood was considered a sign of chronic infection. ELISA kits were used for detection of anti-HIV Ab (Genscreen HIV Ac/Ac Bio-Rad, USA) and anti-HCV Ab (anti-HCV Ortho, USA) [9, 10] .
Statistical analysis
Data analyses took into account the time-location sampling design [10] . To take into account the possibility that PWUD attended more than one participating service during data collection, and to obtain bias-free estimators, the Generalized Weight Share Measure (GWSM) was used [10] . Self-reported HBV vaccination history was estimated from answers to the question, 'Have you ever been vaccinated against hepatitis B?' irrespective of the number of doses. Univariate analyses of estimates of HBsAg prevalence and self-reported HBV vaccination history were performed according to socio-demographic characteristics, HIV and HCV co-infection status, drug consumption and risk-taking practices. Analyses were stratified according to HBV prevalence ('high', 'moderate', 'low') in PWUD country of birth [7] . Sub-Saharan Africa and Eastern Asia were classified as high endemic zones, Northern Africa, the Middle East and Central and Eastern Europe as moderate endemic zones and Western Europe and North America as low endemic zones.
The age variable was dichotomized to compare PWUD aged <35 years at the time of the study with those aged 535 years. This value was chosen as the former were more likely to have benefited from harm reduction measures, while the latter's practices and exposure to HBV infection evolved simultaneously with the implementation of harm reduction tools [10] . Respondents who declared having had sexual relationships with multiple partners and those who had a sexual relationship with only one person but did not consistently use condoms, were considered to have taken sexual risks in the previous 12 months.
Two multivariate Poisson regression models were then used to identify factors independently associated with HBsAg seroprevalence and HBV vaccine coverage, respectively. In order to evaluate the role of endemicity level in the country of birth, these models were not stratified on this variable.
Analyses were performed with Stata v. 12 (Stata-Corp. USA).
RESULTS
All the 138 centres solicited participated in the survey. PWUD participation rate was 75% (n = 1718), with 92% of the latter agreeing to provide a fingerprick blood sample. A total of 1575 samples were analysed. No difference was observed in terms of age and gender between respondents and non-respondents, or between those who agreed to provide a blood sample and those who refused.
Respondents were mainly men (79·6%) aged 535 years (69·1%). More than one in six PWUD reported precarious housing (i.e. sleeping in a squat or on the streets). Nearly two thirds of PWUD declared a history of injection during their lifetime and 37·0% during the previous month. Other PWUD characteristics are described in Table 1 .
Overall, HBsAg seroprevalence was 1·4% [95% confidence interval (CI) 0·8-2·5]. Seroprevalence in PWUD from high, moderate and low endemic zones was 7·6% (95% CI 2·7-19·1), 2·2% (95% CI 0·8-5·7) and 0·7% (95% CI 0·3-1·5), respectively ( Table 2) .
With respect to HBV vaccination, 11·9% of PWUD declared that they did not know whether they had been vaccinated (n = 188). After exclusion of these and seven non-respondents, self-reported HBV vaccination history was 60·9% (95% CI 56·2-65·4). It varied according to the endemicity level in the country of birth: from 47·4% to 59·3% to 62·6% for those born in high, moderate and low endemic zones, respectively ( Table 2) .
HBsAg seroprevalence in PWUD who declared they were vaccinated against HBV, and in those who declared they were not vaccinated was 0·8% (95% CI 0·3-1·8) and 2·5% (95% CI 1·0-5·9), respectively.
HBsAg prevalence and self-reported HBV vaccination history in PWUD born in low endemic zones
For PWUD born in low endemic zones, HBsAg prevalence was higher in those who were not in a Hepatitis B in drug users in France 1261 relationship (1·3% vs. 0·1%, P < 10 −3 ), in those with only a primary (or lower) level of education (8·8%) and in those who were living in precarious housing conditions (2·9% vs. 0·3%, P < 10 −2 ) ( Table 3 ). It was also higher in PWUD who had used crack cocaine in the previous month (1·7% vs. 0·2%, P < 0·05) and those who had already shared syringes during their lifetime (1·1% vs. 0%, P < 10 −3 ).
Self-reported HBV vaccination history was more significantly frequent in PWUD aged <35 years (73·1% vs. 57·8%, P < 10 −3 ) and in those who were in a relationship (67·3% vs. 57·6%, P < 10 −2 ). It increased with level of education, from 34·1% for those with only primary school education to 67·9% for those who had third-level education (P < 0·05). HBV vaccination history was also more frequent in PWUD with 
PWUD, People who use drugs; CI, confidence interval.
C. Brouard and others
HCV seronegative status (69·3%) than in PWUD with seropositive HCV status (55·8%), and in those with HIV seronegative status (64·4%) than in those with HIV seropositive status (49·4%). It was also more frequent in PWUD who had a positive perception of their health status (66·1%) than in those who had a negative perception (53·9%, P < 0·05). PWUD who had already engaged in sexual risk-taking behaviours declared they were vaccinated more often than those who had not engaged in such practices (66·0% vs. 56·5%, P < 0·05).
HBsAg prevalence and self-reported HBV vaccination history in PWUD born in moderate/high endemic zones
HBsAg prevalence was significantly higher in HCV seronegative PWUD (6·2% vs. 0·2%, P < 10 −3 ) and in those who had never injected (6·0% vs. 1·4%, P < 0·05). It was 12 times higher in PWUD who did not report any history of HBV vaccination (7·4%) than in those who declared they were vaccinated (0·6%, P < 0·05) ( Table 3) . Self-reported HBV vaccination history was least frequent in PWUD who had only primary school education (41·1%).
Multivariate analysis
HBsAg prevalence was significantly higher in PWUD born in moderate or high endemic zones [prevalence ratio (PR) 4·8] and in those who reported precarious housing (PR 3·6) ( Table 4) .
Self-reported vaccination history was less frequent in PWUD speaking Russian (PR 0·85), being aged 535 years (PR 0·88) or having only primary school education (PR 0·63). Conversely, self-reported vaccination history was significantly more frequent in PWUD with a positive perception of their health (PR 1·19) ( Table 5 ).
DISCUSSION
The ANRS-Coquelicot survey is the first epidemiological study in France to provide national estimates of HBV chronic infection prevalence based on biological data and self-reported HBV vaccination history from a large sample of PWUD. This survey was innovative in that it coupled time-location sampling with GWSM. Furthermore, respondents were recruited from an exhaustive number of harm reduction facilities and care centres. The response rates to participate in the survey and to undergo fingerprick blood testing were very high.
HBsAg seroprevalence estimated in our study (1·4%, 95% CI 0·8-2·5) was similar to that estimated in 2004 for the subgroup of the French adult general population which declared previous drug injection (1·9%, 95% CI 0·2-15·6) [4] . Our HBsAg prevalence estimate ranked France among those European countries where HBV is least endemic in PWUD: 1·5% for 2011 in Germany [14] , 2·0% for 2012 in Italy [15] and 0·57% for 2013 in the UK [16] .
In our study, as expected, the proportion of PWUD infected with HBV reflected the endemicity level in their country of birth, from 0·7% (95% CI 0·3-1·5) for PWUD born in low endemic zones to 7·6% (95% CI 2·7-19·1) for those born in high endemic zones. Low endemic zone 0·7*** (0·3-1·5) 62·6 (57·6-67·4) (n = 1125) (n = 7) (n = 686) Moderate endemic zone 2·2*** (0·8-5·7) 59·3 (48·8-68·9) (n = 348) (n = 7) (n = 179) High endemic zone 7·6*** (2·7-19·1) 47·4 (29·9-65·5) (n = 102) (n = 9) (n = 60) Total 1·4 (0·8-2·5) 60·9 (56·2-65·4) (n = 1575) (n = 23) (n = 925) PWUD, People who use drugs; CI, confidence interval. † Vaccination history was estimated after exclusion of PWUD who were unaware of their vaccination status (n = 188) and non-respondents (n = 7). *** P < 0·01.
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PWUD, People who use drugs; CI, confidence interval; n.c., not concerned. † Vaccination history was estimated after exclusion of PWUD who were unaware of their vaccination status (n = 188) and non-respondents (n = 7). * P < 0·05, ** P < 0·01, *** P < 0·001.
Conversely, overall, self-declared HBV vaccination history, estimated at 60·9% (95% CI 56·2-65·4), decreased with the HBV endemicity level of participants' country of birth from 62·6% (95% CI 57·6-67·4) for PWUD born in low endemic zones, to 47·4% (95% CI 29·9-65·5) for those born in high endemic zones. To take into account these various epidemiological situations, and to identify the role of drug use in HBV infection, analyses were stratified for the endemicity level in the country of birth. For PWUD born in low endemic countries, HBsAg seroprevalence was associated in univariate analysis with crack cocaine use in the previous month and with syringe sharing during one's lifetime. Sharing injection paraphernalia has already been shown to be one of the most important risk factors for HBV transmission [17] . No PWUD aged <35 years was infected with HBV whereas 1·0% of those aged 535 years were infected (not significant). This is perhaps because the latter were less likely to have benefited from harm reduction measures [10] . HBsAg prevalence was also higher in those with an educational level below or equivalent to primary school and in those living in precarious housing conditions. Our results suggest that drug use and sharing drug injection paraphernalia are possible risk factors, among others, for HBsAg carriage. HBV infection seems to be multifactorial for PWUD born in low endemic zones. Due to insufficient numbers, multivariate analyses could not be performed on this population (n = 7). Accordingly, these results need to be confirmed in other larger studies.
With respect to PWUD born in moderate and high HBV-endemic countries, HBsAg prevalence was significantly higher in HCV-seronegative PWUD and in those who had never injected. This suggests that drug injection is a minor additional risk factor for HBV infection for PWUD born in moderate or high HBV-endemic countries [5] . Indeed, in some African and Asian countries, in the absence of HBsAg antenatal screening and HBV immunization of newborns from infected mothers, the risk of perinatal transmission is high, as is the chronicity rate [3] . Consequently, being born in moderate or high endemic zones was the main factor associated with HBV chronic infection (PR 4·8) in multivariate analysis. This result is due to the higher risk of HBV infection and chronicity progression in moderate and high endemic countries compared to countries with low HBV prevalence. Results might have been different 1266 C. Brouard and others if we had studied the presence of anti-HBc antibodies, a marker of exposure to HBV, independent of the progression to chronicity. In multivariate analysis, living in precarious housing conditions was also associated with HBsAg carriage. Unstable housing has already been shown to be a factor for increased injection risk behaviour, including injecting in public and receptive sharing of injecting paraphernalia [18] and, consequently, for increased hepatitis prevalence [10] . It may also be a confounding factor for sexual risk-taking. As the main initial objective of the ANRS-Coquelicot survey was to estimate HCV seroprevalence and associated factors, questions about sexual practices were few, and limited to the previous 12 months. The association between low socioeconomic status and HBV prevalence has also been previously described in the French general population [4] .
Almost 60% of PWUD declared they had been vaccinated against HBV, irrespective of the number of doses. This estimate is close to another calculated in 2010 in the subgroup of the French general population who declared drug injection at least once during their lifetime (52%) [19] . In the UK in 2013, 72% of PWID reported they were vaccinated against HBV [16] . Our estimate of self-reported vaccination history should be interpreted with caution as it probably overestimates HBV vaccine coverage. In a study conducted in PWID in the French region of Alsace in 2008-2009, vaccine coverage, based on HBs antibody serology, was estimated at only 28% [20] . Furthermore, in an Australian study published in 2010, although 31% of PWID declared they had been told by a health professional that they were fully vaccinated against HBV, only 52% of them had serological evidence of vaccination immunity [21] . This difference can be partly attributed to a lower immune response to hepatitis B vaccination in PWUD than in the general population [22] , and partly due to both a low level of knowledge about hepatitis B [19] and a lack of awareness or poor understanding of their HBV status [23] . In the Australian study, only 61% of PWUD with serological evidence of vaccination knew that they were immunized [21] . In the ANRS-Coquelicot survey, fingerprick blood sampling on DBS was chosen to optimize PWUD participation in the study. However, this method prevented us from being able to detect HBsAb and HBcAb with accuracy and therefore to estimate the proportion of PWUD with serological evidence of HBV immunization, or the proportion of susceptible individuals who needed to be vaccinated. Despite these limitations, the associations highlighted in our study are consistent with the literature. In addition, HBsAg seroprevalence in PWUD who declared they were vaccinated was three times lower than in those who declared they had not been vaccinated, especially for people born in moderate or high HBV-endemic zones. Of participants born in low HBV-endemic countries, mainly in Metropolitan France, a self-reported HBV vaccination history was significantly more frequent in those aged <35 years. This generation may have benefited from the mass vaccination campaign between 1995 and 1998. In multivariate analysis, selfreported HBV vaccination history was associated with a good self-perceived state of health. Conversely, it was less frequently reported by those with only primary school education, irrespective of the endemicity level of their country of birth. Low coverage for HBV vaccination in PWUD has been previously shown to be partly attributable to economic and social barriers, including education level [24] . In our study, the less frequent self-reported vaccination history in those with only primary education may also be due to underreported vaccination arising from less knowledge about hepatitis in PWUD. Indeed, it has already been demonstrated in the general population that those with a lower educational level have less knowledge about hepatitis [19] . However, the higher HBsAg prevalence among PWUD with low educational qualifications suggests there is a real difference in HBV vaccine coverage according to education level. Lower vaccine coverage in Russian-speaking PWUD might be due to vaccine policies in Russian-speaking countries which are very different from those in France.
The ANRS-Coquelicot survey suggested that HBV vaccine coverage in PWUD may be less than optimal. Many studies have documented the concomitant decrease of hepatitis B infection with increased HBV immunization rates [25, 26] . PWUD vaccine coverage may be improved in two ways. First, efforts to increase immunization in the French general population must continue and be intensified, especially in adolescents, a sub-population where only 50% are currently immunized [27] . Second, HBV immunization targeted at PWUD has to be reinforced, and as soon as possible after the start of illicit drug use. To achieve this goal, many actions have already demonstrated their efficiency: providing free vaccination in specialized centres attended by PWUD, improving training and increased knowledge for healthcare workers Hepatitis B in drug users in France 1267 regarding HBV and its prevention [20] , implementing an accelerated HBV vaccination schedule [28, 29] , offering financial incentives to PWUD to enhance their adherence to the HBV vaccine schedule [30, 31] , increasing PWUD knowledge about HBV, and providing greater access to hepatitis screening [24] . Some study limitations have to be discussed. Due to the low number of HBsAg-positive PWUD, the analysesin particular the multivariate analysiswere limited and suffered from a lack of power. Since our study recruited PWUD in specialized centres, it did not provide information on 'hidden' PWUD who did not attend these structures. Finally, the study was implemented in geographical areas which were not randomly chosen. However, these zones were selected to reflect the diversity of drug use in France. Moreover, PWUD were selected at random.
In conclusion, the HBsAg prevalence estimated in PWUD in the ANRS-Coquelicot survey was moderate, but not negligible, especially in those born in high HBV-endemic countries. Our results suggest that drug use may be a moderate contributing factor to HBsAg carriage in PWUD, especially in those from high HBV prevalence countries. 
